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METHOD OF RESTORATION OF MECHANICAL PROPERTIES OF CAST 
INCONEL 718 FOR SERVICED AIRCRAFT COMPONENTS 

FIELD OF THE INVENTION 

[0001] The present invention is directed to structural aircraft components 
composed of cast Inconel 718 and forged Waspaloy or cast Inconel 718 and forged 
Incoloy 718/903/907/909, among others. 

BACKGROUND OF THE INVENTION 

[0002] Many structural aircraft engine components are made of a combination of 
either solid cast Inconel 718 or cast Inconel 718 and a separate forged component. 
The separate forged component is usually a material such as forged Inconel 718, 
forged Waspaloy, or forged Incoloy 903/907/909, among others. These materials are 
commonly joined as an inseparable assembly by welding them together. During 
engine operation, these components may develop cracking in one of the materials 
rendering the component non-serviceable. 

[0003] Cast Inconel 718 is a nickel based superalloy that obtains its desirable 
properties by precipitation hardening at an elevated temperature. Both the cast 
Inconel 718 and the associated wrought structures have the desirable physical 
properties of warm temperature strength, creep strength, stress rupture strength, and 
fatigue resistance, for application of the article as a high temperature engine aircraft 
structural component. In order to obtain these desirable properties, both the cast 
Inconel 718 and the associated wrought structures require a proper amount of the 
gamma-prime (y / ) phase and the gamma-double-prime (y") phase. The y" phase, 
which is a body-centered tetragonal precipitate in a simple face-centered cubic 
structure, is metastable and forms an undesirable phase, the delta phase (5), in the 
temperature range of 1200°F to 1800°F. The 5 phase nucleates at the grain 
boundaries of the cast Inconel 718 and the associated wrought structures at the 
expense of y", which 5 phase coarsens rapidly unless it is solutioned at elevated 
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temperatures. The presence of 5 leads to the degradation of both weldability and the 
mechanical properties of the cast Inconel 718 and the associated wrought structure. 

[0004] A method for repairing these cracks is generally found in engine 
maintenance manuals, which allow the components to be repaired and returned to 
serviceable condition. Typically, these repair methods consist of welding the cracks 
in order to heal them, followed by a stress relief heat treatment. For cast Inconel 718 
with forged attachment parts the repair process consists of pre-heating the assembly at 
about 1750°F for about one hour, post weld heat treating at about 1750°F for one 
hour, followed by an aging heat treatment to form v". 

[0005] The aerospace structural components employing cast Inconel 718 are not 
life limited. Such structural components have no planned time for their obsolescence. 
Included in these components are major aircraft engine frames, cases and supports 
that are inspected at certain durations of time and or cycles of the engine. If non- 
serviceable conditions are found during these inspections, then the non-conforming 
components are disassembled from the engine and sent to a repair shop. This is 
commonly called a "shop visit". 

[0006] It is not uncommon to find cracking on Inconel 718 components that 
require the standard weld and heat treat repair during shop visits as set forth above. 
Such visits cause multiple generations of weld and heat treat repairs. These multi- 
generational repairs cause degradation of the cast Inconel 718 material due to the 
formation of 8 phase precipitates over time. Data from several repair stations show 
that the effectiveness of the weld/heat repairs decrease proportionally with the 
frequency of these repairs. For example on the CF6-50 Compressor Rear Frame, one 
airline reports that the frame will be operated on an engine for an average of 25,000 
hours before a crack appears at the bleed ports at the end of the struts. After the crack 
is repaired by performing known local weld/heat treat repair processes, and the frame 
is returned to service, a new crack will appear in the area of the bleed port near the 
weld/heat treat repair. The average time for a new crack to appear is 5,000 hours after 
the original repair. Therefore, if the time it takes for a crack to appear from the time 
the new frame is placed in service is about 25,000 hours, then the time it takes a new 
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crack to appear after a weld and heat treat repair is about 20% of the original service 
time. This is just one example of many reports from different airlines. 

[0007] The primary cause of the reduced service usage (crack free) of the frames 
after repair is the degradation of the cast Inconel 718 material. Repeated heating and 
cooling cycles in the temperature range of 1700°F to 1800°F causes formation of the 5 
phase. The material accumulates delta phase material from the weld and heat treat 
repair, which is exacerbated with multiple cycles. The presence of this delta phase 
indicates that the distribution of certain key elements in the alloy is altered in such a 
way that elements have collectively migrated to certain areas where they are now 
highly concentrated. This depletes these elements from other areas, decreasing the 
mechanical properties of the alloy in these areas. Therefore, key elements must be 
redistributed properly in the alloy to prevent cracking, since the mechanical properties 
of cast Inconel 718 are decreased when 6 is present. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed toward improvements in the repair and 
heat treatments used to restore cast Inconel 718 aircraft engine parts to provide a more 
uniform distribution of elements. Over time, and after numerous crack repairs and 
heat treatments, the mechanical properties of cast Inconel 718 deteriorates. The 
process of the present invention allows the restoration of cast Inconel 718 to a state 
which is similar to the condition of the cast Inconel 718 immediately after 
manufacture. 

[0009] The article, which includes a cast Inconel 718 component is restored 
through a process that includes heat treatment. First, the article that typically includes 
a cast portion and a forged portion is placed into a heat treatment chamber, purged of 
oxygen and the pressure in the chamber is set to a suitable neutral or reducing 
atmosphere. The article is then heated, at a rate suitable to minimize distortion, to a 
temperature in the range of about 1950°F to about 2150°F. The temperature of the 
article is then held in a range of about 1950°F to about 2150°F for a time sufficient to 
solutionize the delta phase precipitates and homogenize the alloy. The article is then 
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cooled at a rate sufficient to avoid delta phase precipitation in the range of about 
1600°F to about 1900°F in a protective neutral or reducing atmosphere at a rate 
sufficient to maintain dimensional stability. The article should then be air quenched, 
or quenched in an inert gas at an equivalent rate, to room temperature. The forged 
portion can then be removed, leaving a cast portion that has essentially a solutioned 
condition. As used herein, the terms "wrought" and "forged" are used 
interchangeably. The cast portion can then be reused, while the wrought portion is 
disgarded. 

[0010] Other features and advantages of the present invention will be apparent 
from the following more detailed description of the preferred embodiment, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a flow chart illustrating a process by which an aircraft engine part 
composed in whole or in part of a component that includes cast Inconel 718 can be 
restored after cracking; 

[0012] Fig. 2 is a Time-Temperature-Transformation diagram for cast Inconel 
718; and 

[00 1 3] Fig. 3 is a Temperature-Phase Stability Diagram for cast Inconel 718. 
DETAILED DESCRIPTION OF THE INVENTION 

[0014] The present invention provides a novel method of heat treating to restore 
the mechanical properties of cast Inconel 718 included as part of an aircraft engine. 
The frame that includes the restored cast Inconel 718 component thus will benefit 
from decreased shop visit repairs of the cast Inconel 718 component of the article. 
Future maintenance costs of the frame will also be decreased. 

[0015] In order to restore the mechanical properties of a frame that includes a cast 
Inconel 718 component, a number of heat cycle steps must be performed to properly 
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re-solution the Inconel 718 component. The forged component of the article must 
remain attached to the cast component of the article so that the cast component will 
retain its dimensional stability during the heat treatment process. 

[0016] Referring now to Fig 1., there is shown a flow chart illustrating the steps 
that the article which includes the cast Inconel 718 portion must undergo in order to 
have the original mechanical properties of the cast Inconel 718 portion restored after 
cracking. The article which includes the cast Inconel 718 portion is first placed in a 
heat treatment chamber, which is well known to one skilled in the art, and the 
chamber is evacuated to an atmosphere of about 0.5 micron or purged with a non- 
reactive gas, represented by numeral 10. The article is then heated to a temperature 
within the range of about 975°F to about 1025°F, represented by numeral 12. When 
the heating to a range of about 975°F to about 1025°F is complete, the temperature is 
held within that range, represented by numeral 14. The article is then heated to a 
temperature in the range of about 1950°F to about 2150°F within 60 minutes of the 
prior temperature stabilization, represented by numeral 16. The temperature of the 
article is then held at a temperature in the range of about 1950°F to about 2150°F for a 
period of time in the range of about 55 minutes to about 65 minutes, represented by 
numeral 18. This amount of time should permit the 8 phase to be fully solutioned. 
However, depending upon the size of the article, typically a frame for use with an 
aircraft engine, shorter or longer times may be used. Inert or non-reactive gas is then 
introduced into the chamber, if not already present, represented by numeral 20. The 
chamber is cooled to a temperature in the range of about 1000°F to about 1200°F at a 
rate sufficient to avoid the formation of 5 phase in the cast Inconel 718 portion, 
typically not less than 30°F per minute, reheated and held for a time to precipitate y", 
represented by numeral 22. The chamber is then cooled by air, or at a rate which is 
equivalent to cooling by air, to room temperature 24. 

[0017] Referring to Figs. 2 and 3 which are a Time-Temperature-Transformation 
("TTT") diagram for cast Inconel 718 and a Temperature-Phase Stability diagram for 
cast Inconel 718, both available in an article entitled "Microstructural 
Characterization of Cast 718" in a collection Superalloy 718 - Metallurgy and 
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Applications, edited by E. A Loria, The Minerals, Metals & Materials Society, 1989, 
it can be seen that if an Inconel 718 article is not cooled through the nose of the upper 
TTT curve, undesirable 8 phase cannot begin to precipitate. Formation of this phase 
can be avoided, and cooling rapidly to 1000°F to 1200°F prevents formation of this 
phase. However, in order to avoid distortion due to stresses set up from rapid cooling 
from the elevated temperature, it is necessary to leave the forged portion of the frame 
attached to the cast portion of the frame. 

[0018] Once the heat treat cycle is complete, the article, typically a frame, is 
machined to removed the forged portion from the cast Inconel 718 portion of the 
article. The restored cast Inconel 718 portion of the article is then welded to a new 
forged portion to create a new inseparable article. The exact process will vary 
depending on the size (i.e. type of aircraft engine frame) of cast Inconel 718 frame 
that requires treatment using this heat treat process. 

[0019] Once the new forged component is welded to the cast Inconel 718 
component, the solution and heat treat cycles defined on the original manufacture 
engineering drawings for the individual components can be performed. There may be 
exceptions for performing post-weld heat cycles, for example stress relief cycles, 
specific to an engine type, and not all frame designs specify a post weld solution heat 
treatment. However, the cast 718 portion of a frame removed from service and 
repaired in accordance with the present invention with the subsequent welding of a 
new wrought portion can be processed in the same manner as a new frame made from 
a new 718 cast portion and a new wrought portion. 

[0020] After the cast Inconel 718 portion has been solutioned within the 
temperature range of about 1950°F to about 2150°F, and the initial or old wrought 
portion has been machined away, a new wrought portion can then be attached to the 
casting. When the article that includes the cast Inconel 718 component to be treated 
does not require a special post weld solution heat treatment as set forth on the 
drawings, a stress relief heat treatment and an age-hardening heat treatment to 
properly age the part nevertheless should be performed to fully develop the 
mechanical properties of the cast Inconel 718 portion and the attached wrought 
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portion. Because the wrought portion can be comprised of a variety of heat treatable 
alloys whose properties are developed by different heat treatments, these age 
treatments can vary as set forth below. 

[0021] After the cast Inconel 718 component has been solutioned within the 
temperature range of about 1950°F to about 2150°F and the initial wrought casting 
has been machined away, a new wrought portion can then be attached to the casting. 
When the article includes a cast Inconel 718 component welded to either a wrought 
Waspaloy component or a wrought Rene-41 component, after the components are 
welded together, in order to relieve weld stresses and to properly age the article, the 
article should be heat treated in the range of about 1500°F to about 1600°F for about 
one hour, followed by a heat treatment in the range of about 1250°F to about 1350°F 
for about eight hours, followed by a heat treatment in the range of about 1150°F to 
about 1250°F for about one hour. In a more preferred embodiment, in order to relieve 
welding stress and to age the article, the article should be heat treated at about 1550°F 
± 25°F for about one hour, followed by a heat treatment at about 1325°F ± 25°F for 
about eight hours, followed by a heat treatment at about 1200°F ± 25°F for about one 
hour. 

[0022] After the cast Inconel 718 component has been solutioned within the 
temperature range of about 1950°F to about 2150°F and the initial wrought casting 
has been machined away, a new wrought component can then be attached to the 
casting. When the article is a cast Inconel 718 component welded to a Inconel 907 
wrought component, after the components are welded together, in order to relieve 
weld stresses and to age the article, the article should be heat treated in the range of 
about 1500°F to about 1600°F for about one hour, followed by a heat treatment in the 
range of about 1400°F to about 1525°F for about sixteen hours, followed by a heat 
treatment in the range of about 1100°F to about 1200°F for about eight hours. In a 
more preferred embodiment, in order to relieve welding stress and to age the article, 
the article should be heat treated at about 1550°F ± 25°F for about one hour, followed 
by a heat treatment at about 1475°F ± 25°F for about sixteen hours, followed by a 
heat treatment at about 1 150°F ± 25°F for about eight hours. 
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[0023] After the cast Inconel 718 component has been solutioned within the 
temperature range of about 1950°F to about 2150°F and the initial wrought casting 
has been machined away, a new wrought component can then be attached to the 
casting. When the article is a cast Inconel 718 component welded to a wrought 
Inconel 909 component, after the components are welded together, in order to relieve 
weld stresses and to age the article, the article should be heat treated in the range of 
about 1500°F to about 1600°F for about one hour, followed by a heat treatment in the 
range of about 1350°F to about 1450°F for about eight hours, followed by a heat 
treatment in the range of about 1100°F to about 1225°F for about four hours. In a 
more preferred embodiment, in order to relieve welding stress and to age the article, 
the article should be heat treated at about 1425°F ± 25°F for about eight hours, 
followed by a heat treatment at about 1150°F ± 25°F for about four hours, followed 
by a heat treatment at about 1200°F ± 25°F for about one hour. 

[0024] After the cast Inconel 718 component has been solutioned within the 
temperature range of about 1950°F to about 2150°F and the initial wrought casting 
has been machined away, a new wrought component can then be attached to the 
casting. When the article is a cast Inconel 718 component welded to a wrought 
Inconel 903 component, after the components are welded together, in order to relieve 
weld stresses and to age the article, the article should be heat treated in the range of 
about 1500°F to about 1600°F for about one hour, followed by a heat treatment in the 
range of about 1250°F to about 1350°F for about eight hours, followed by a heat 
treatment in the range of about 1100°F to about 1200°F. In a more preferred 
embodiment, in order to relieve welding stress and to age the article, the article should 
be heat treated at about 1550°F ± 25°F for about one hour, followed by a heat 
treatment at about 1325°F ± 25°F for about eight hours, followed by a heat treatment 
at about 1200°F ± 25°F for about one hour. 

[0025] After the cast Inconel 718 component has been solutioned within the 
temperature range of about 1950°F to about 2150°F and the initial wrought casting 
has been machined away, a new wrought compound can then be attached to the 
casting. When the article is a cast Inconel 718 component welded to a wrought 
Inconel 718 component, after the components are welded together, in order to relieve 
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weld stresses and to age the article, the article should be heat treated in the range of 
about 1500°F to about 1600°F for about one hour, followed by a heat treatment in the 
range of about 1350°F to about 1450°F for about eight hours, followed by a heat 
treatment in the range of about 1100°F to about 1200°F for about four hours. In a 
more preferred embodiment, in order to relieve welding stress and to age the article, 
the article should be heat treated at about 1550°F ± 25°F for about one hour, followed 
by a heat treatment at about 1425°F ± 25°F for about eight hours, followed by a heat 
treatment at about 1 150°F ± 25°F for about four hours. 

[0026] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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